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Abstract: In humans, leukocyte telomere length (LTL) 
reduces with age and is reported to be inversely as-
sociated with ageing-related diseases. We measured 
LTL in leukocyte DNA using a quantitative PCR-
based method from 127 blood samples of heart re-
cipients (107 males, 20 females, age 44.1 ± 10.5), fol-
lowed for up to 30 years. Patients with coronary 
artery disease survived for a shorter time and also 
had shorter LTL (both P < 0.05 after adjustment for 
age and sex) than subjects with dilated cardiomyo-
pathy. Patients with non-cardiac causes of death had 
shorter LTL than patients with cardiac causes (P < 
0.05 after adjustment for age). An inverse correla-
tion between LTL and age (P < 0.03) was observed in 
patients with non-cardiac causes of death only. Most 
importantly, LTL was not associated with general 
survival time in patients after heart transplantation. 
However, shorter LTL was a marker of non-cardiac 
causes of death. Different LTLs and survival times 
were determined in association with aetiology of 
heart failure (HF).
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Introduction

Although the first heart transplantation was perfor-
med almost 50 years ago and there has been clear pro
gress in recent decades leading to thousands of trans
plantations successfully performed every year around 
the world, there is still a significant lack of molecular 
markers that allow survival to be predicted in these pa
tients.

One possible mechanism of the ageing heart is cellu
lar senescence. Leukocyte telomere length (LTL) is a 
marker of replicative ageing. Telomeres are composed 
of repetitive sequences of six bases (TTAGGG) located 
at the ends of chromosomes in eukaryotic cells. These 
sequences are repeated several thousand times at the 3’ 
end of the DNA chain (total telomere length varies be
tween 4 and 15 kb in humans). Telomere length in the 
majority of human somatic cells decreases by 20–200 
base pairs during one cell division (Saliques et al., 
2010). Telomeres preserve the integrity and stability of 
genomes during replication (Blackburn, 2001). Cells 
with critically short telomeres undergo chromosomal 
endtoend fusions, replicative senescence and apopto
sis. Overly short telomeres lead to a decrease of func
tional cells, which contributes to overall tissue and or
gan dysfunction (Wong et al., 2010). Telomere synthesis 
occurs via the influence of enzymatic complexes of tel
omerase. In contrast to somatic cells, germ, stem and 
tumour cells as well as immortalised cell lines maintain 
high levels of telomerase activity. Therefore, they dis
play longer telomeres and maintain a relatively high 
proliferative potential (Liu et al., 1999; Collins, 2000; 
Houben et al., 2008). Telomere length is closely con
nected with the cellular cycle and replicative ageing 
(Edo et al., 2005). Telomere length differs between indi
viduals of the same age and also between the different 
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tissues of identical subjects (Dlouha et al., 2014); this 
dissimilarity already exists after birth. Oestrogen-depen-
dent activation of telomerase may contribute to the gen
derrelated differences in telomere length that arise dur
ing adulthood (Fuster and Andrés, 2006). Environmental 
factors such as oxidative stress, smoking and UV radia
tion contribute to the reduction of telomere length (Butt, 
2010; Wong et al., 2010).

Ageing is a major non-modifiable cardiovascular risk 
factor. During ageing of the human organism the heart is 
subject to functional, morphological and cellular changes. 
Ageing by itself needs not necessarily lead to heart fail
ure, but it is probable that cellular changes associated 
with ageing decrease the threshold of the onset of heart 
failure symptoms. Both cardiovascular risk factors and 
common cardiovascular diseases such as atheroscle ro
sis, heart failure and hypertension are associated with 
short leukocyte telomeres, but the causality remains un
determined (van der Harst et al., 2007; Fyhrquist et al., 
2013).

There exist a number of complications in patients af
ter heart transplantation that are understood as being po
tentially associated with the telomere length. The rea
sons for the interindividual heterogeneities in survival 
time after heart transplantation are still incompletely 
understood, but biological ageing is one of the possible 
contributors (Harley, 1991). Leukocyte telomere length 
(LTL) of donors is associated with survival in patients 
with allogeneic haematopoietic cell transplantation (Ga
dalla et al., 2015). Shorter LTL may predict worse sur
vival in idiopathic pulmonary fibrosis (Stuart et al., 2014) 
or chronic graft dysfunction after kidney transplantation 
(Oetting et al., 2014). Thus far, no study has focused on 
monitoring the correlation between LTL and survival 
time (ST) in patients after heart allograft transplantation.

The aim of our study was to verify the hypothesis that 
LTL can predict the ST of patients after heart allograft 
transplantation. 

Material and Methods

Subjects

One hundred and twenty seven patients (20 women; 
age 39.9 ± 13.7 years, and 107 men; age 44.9 ± 9.6 years) 
who underwent orthotopic heart transplantation in the 
period from January 1984 to August 1997 were included 
in the study and their blood samples were collected be
tween 1994 and 1997 at the Institute for Clinical and 
Experimental Medicine in Prague (Vancura et al., 1999). 
The protocol of this study was carried out according to 
the principles of the Declaration of Helsinki. All exam
ined individuals gave their informed signed consent, 
which, together with the protocol of the study, were ap
proved by the institute’s ethics committee. 

DNA analysis, measurement of telomere length
Genomic DNA was extracted from whole blood (Mil-

ler et al., 1988). We analysed the telomere length as de

scribed in detail previously (Dlouha et al., 2012). The 
analysis was performed in the Rotor-Gene 3000 (Corbett 
Research Ltd, Sydney, Australia) using a quantitative 
polymerase chain reaction (qPCR)-based method with 
slight modifications (Cawthon, 2002; Salpea et al., 
2008). The relative telomere length was calculated as 
the ratio of telomere repeats to a single-copy gene (SCG) 
(T/S ratio). The acidic ribosomal phosphoprotein PO 
(36B4) gene was selected as the SCG. 

Statistical analysis
Analyses were performed with JMP 10 statistical soft

ware. Normal distribution of LTL data was examined by 
the ShapiroWilk W test. A comparison between two 
groups was performed with the Student’s ttest. We used 
Cox proportional hazards models (adjusting for age and 
sex) to examine the association between survival and 
diagnosis of heart failure or gender. A linear regression 
model was used to evaluate the association between LTL 
and age. P values less than 0.05 were considered signifi
cant. Results are expressed as means ± SD (or SE when 
comparing LTL between the subgroups of patients).

Results

General characteristics of the patients

Basic characteristics of the analysed subjects are sum
marised in Table 1. The average age of heart recipients 
and donors was almost identical (P = 0.76). Over the 
30-year follow up, 89 transplanted patients died. Ma-
ximal ST was 23 years and minimal one month. Non-
cardiac causes of death (mostly malignancy, sepsis, re
nal failure or multi-organ failure) were detected in 54 
patients. Cardiac causes of death were found in 28 sub
jects, and in the remaining seven subjects the cause of 
death was unclear (Table 2). Patients with CAD were 
slightly older (Table 3) in comparison with subjects with 
DCM (P < 0.04).

The mean survival time of heart recipients was signif
icantly associated with CAD diagnosis (RR = 1.6, 95% 
CI = 1.01–2.55; Fig. 1A) but not affected by the gender 
of the recipients (RR = 1.6, 95% CI = 0.92–3.25; Fig. 1B). 

Telomere Length and Heart Transplantation

Table 1. Summary characteristics of the study group. Age, 
survival time and leukocyte telomere length are expressed 
as arithmetical means ± SD.

N 127
Recipient age (years) 44.1 ± 10.5
Donor age (years) 43.8 ± 9.6
Recipient gender (males/ females) 107/20
Aetiology of heart failure:
 dilated cardiomyopathy
 coronary artery disease
 other

85
35
7

Survival time of deceased recipients (years) 13.5 ± 6.4
Unadjusted leukocyte telomere length 0.95 ± 0.2
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Analysis of leukocyte telomere length

As expected, LTL was inversely associated with the 
age of heart recipients (P = 0.0001; Fig. 2A). Within the 
patient groups, cases with CAD had shorter LTL in com
parison with cases with DCM (P < 0.005 and P < 0.05 
after adjustment for age, Table 3).

We did not find any significant correlation between 
LTL and survival time in patients after heart transplanta
tion (P = 0.40 after adjustment for age). When analysed 
in more detail, cases of noncardiac cause of death had 
significantly shorter LTL (P < 0.008, P < 0.05 after ad
justment for age) than patients with cardiovascular (CV) 
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Table 2. Causes of death in transplanted patients

Cause of death N
Cardiovascular diseases
Oncologic diseases
Infections
Renal failure
Multiorgan failure
Cerebrovascular diseases
Abdominal aortic aneurism
Liver failure
Bronchopneumonia
Accidents
Other
Unknown reasons

28
20
11
7
5
2
1
2
2
2
2
7

Table 3. Comparison of age and LTL in subgroups of heart recipients according to mortality events and aetiology of HF. 
Data are expressed as means ± SD. 

N Age P Leukocyte telomere length# P*
DCM/CAD 85/35 43.0 ± 11.0/47.2 ± 9.4 < 0.04 0.96 ± 0.02/0.88 ± 0.03 < 0.05
Survivors/non-survivors 38/89 43.8 ± 12.4/44.3 ± 9.7 ns 0.93 ± 0.04/0.95 ± 0.02 ns
Mortality CV/non-CV events 28/54 39.7 ± 12.5/46.4 ± 7.4 < 0.004 1.02 ± 0.04/0.93 ± 0.03 < 0.05

#denotes SE; *denotes P after adjustment for age

Fig. 1. KaplanMaier survival analysis comparing the survival time of recipients according to A) heart failure aetio logy: 
CAD (N = 35) and DCM (N = 85); B) gender: men (N = 107) and women (N = 20); and C) cardiac (N = 28) or non-car
diac (N = 54) cause of death. P values are adjusted for age.

a cb

Fig. 2. Correlation between leukocyte telomere length and age in A) all analysed heart recipients and B) in subgroups of 
patients with different causes of death

a b
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cause of death (Table 3). Moreover, although there was 
a different trend in LTL association with age between 
the subjects with CV and subjects with nonCV causes 
of death (Fig. 2B), the survival time did not differ be
tween these two subgroups (11.2 ± 1.2 years vs. 10.4 ± 
0.8 years; P = 0.56 after adjustment for age; Fig. 1C).

Discussion
Our study is the first to focus on a possible associa

tion between leukocyte telomere length and survival 
time in heart transplant recipients. We did not find any 
significant association between the telomere length 
and the survival time of heart transplant recipients over 
30 years of follow-up.

Patients with heart failure who have undergone trans
plantation suffer from many serious diseases, which can 
contribute to or affect telomere attrition. Also, immuno
suppressive treatment used by all these patients can sig
nificantly influence the telomere shortening (Welzl et 
al., 2014). 

Recently, a growing interest in cardiovascular ageing 
has led to a number of studies investigating LTL and its 
associations with various diseases (Nilsson et al., 2013). 
Shorter LTL has been reported in association with ath
erosclerosis, myocardial infarction, type 2 diabetes mel
litus and all-cause mortality (Farzaneh-Far et al., 2008; 
Maubaret et al., 2010; Aviv, 2012; Zhang et al., 2013). It 
has been shown that patients with heart failure have 
shorter leukocyte telomeres compared with control sub
jects of the same age and sex (van der Harst et al., 2007). 
One study detected an association between telomere at
trition and age related to left ventricular diastolic dys
function (Akhasheva et al. 2015). Controversially, there 
are also studies that do not support a linear association 
between LTL and cardiovascular heart disease (Ye et al., 
2013; Cui et al., 2014). 

Also, the frequent studies that focus on leukocyte tel
omere length and general survival are controversial and 
no definitive conclusion can be drawn (Cawthon et al., 
2003; Bischoff et al., 2006; Harris et al., 2006; Epel et 
al., 2009; Njajou et al., 2009; Astrup et al., 2010; Fitz-
patrick et al., 2011; Strandberg et al., 2011; Honig et al., 
2012). 

Our study has several limitations. The fact that leuko
cyte DNA was only used for the analysis and because 
samples were not collected immediately at the same 
time after transplantation may have potentially affected 
the obtained results. Further, heart transplantation sub
jects represent a very distinct group of patients (mainly, 
but not only, the severity of their diagnosis needs to be 
taken into account) and it is not possible to collect thou
sands of cases, as is usually required in the case of “tra
ditional” genetic studies. Finally, these patients usually 
spend years on strong medical support, which can also 
influence the telomere length per se, as generally sug
gested previously (Chkhotua et al., 2005).

Although we determined the telomere length, it is not 
the only critical aspect to telomere maintenance. Mea

sures were performed in leukocytes but not in myocar
dial tissue. Telomerase activity was not analysed becau se 
the DNA samples were collected a long time before the 
study was designed and no further stored samples were 
available. This was a retrospective analysis of a unique 
group of patients who had to use longterm immunosup
pressive drugs. It should also be noted that telomere 
length does not satisfy the strict criteria for being an ex
clusive biomarker of ageing, but adds predictive power 
to that of chronological age, and can be considered a 
marker of cardiovascular ageing.

Conclusions 
We did not confirm the assumption that leukocyte tel

omere length would be a strong predictor of longtime 
survival in patients after heart transplantation. We sug
gest, however, that lower leukocyte telomere length may 
be a predictor of noncardiac mortality in these patients.
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